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INTRODUCTION 
The application of water to soil for the purpose of 
supplying the moistu�e needed for plant growth is known 
as irriga Jion. N.D. Gulhati of India expressed th e 
importance of irrigation by stating that •'irrigation in 
many countries is an old art--as old as civilization; but 
for the whole world, it is a modern sci enc e - - th e  science 
of survi val0 ( 20) • 
The app l ication of water to soil is ga i ning impor-
tance in S ou th Dakota as shown by the increase of land 
that is being irrigated . S o u th Da k o t a had 17 , 2 0 0  hectares 
under irrigation in 1970. By 1976, th at figure had risen 
to 95,000 hectares. Present estimates of irrigated land 
stand at 24),000 hect ares , wh i ch represent approximately 
one half of the total area under permit for irr i ga t i on in 
South Dakota. The land under permit represents approxi­
mately one third of the total that h a s  p o t en�ial for 
irrigation in South Dakota (11). 
Expansion of irrigation in South D a k o t� depends upon 
such factors a s  ef ficie nt water use, energy costs, agri­
cultural commod:ty prices , and environmental aspects. 
Energy efficiency may well be th e key to future irrigatjcn 
development, and using e n e r gy efficiently means using 
water efficiently. 
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Irrigati o n  research in the last 25 years has been 
geared to the promotion of practices that encourage eff i­
c ient water use. Water scheduling, stre ss periods, con­
sumptive use, an d water deficits are among the basic terms 
an irrigator must understand and employ in order to use 
water efficiently as well as to maximize profits . 
The ma j or crop irri gated in South Dakota is corn. In 
1976, approximately 59% of the irrigat e d land was planted 
to corn. Cultural practices such as hybrid cho ice, herbi­
cide treatment, population and fertilization are imp�rtant 
factors to consider in the manage ment program. Proper 
water app lication s and fertilizer treatments, ni trogen in 
particular, are two main areas of concern to irrigators. 
The purpose of this study was to evaluate the effects 
of supplemental water and nitrogen on corn yields. Cen­
tral South Dakota was chosen as the loca tion for this 
study because of its existing irrigation and the limited 
research data available from that part of the state. The 
objec tives were: (1) to determine corn yield response to 
va riou s water regimes, ( 2) to determine corn yie ld re­
sponse to nitrogen applications, and (J) to determine corn 
yield response to nitrogen application methods. 
REVIEW O F  LITERATURE 
Water Effects 
Corn ( Zea Mays L.) production is limited in the North­
ern Plains because of low rainfal l  and high temperatures 
during the months of July and August. Russel and Dan iel son 
( 29) have shown that the water required to produce high 
corn yields exceeds, by 50% or more, the normal rainfall cf 
June, July, and August in the Cornbelt area. The low rain­
fall during this period does not favor optimum grain pro­
duction, but a high soil profile water status at the 
beginning of the growing season may help to counterac t the 
effects of low rainfall during critical stages or growth. 
Several au thors (18, 19 , 22 , 35) have shown that yie lds 
are related to the amount of moisture in the soil at the 
beginning of the growing season. 
Wa�er deficits at particular stages of corn develop­
ment have been shown to affect yields s i gn i f i c ant ly ( 9 ,  
10, 12, 16, 26, 28, JO , 33. J4). These authors agree that 
pollination i s  the most sensitive stage to water shortages. 
R ob ins and Domingo (28) reported that wilting conditions 
for only one to two days during the pollination period 
reduced corn yield by 22%, with a reduction of 50% occur­
ring if conditions last  for s ix to eight days. Other 
authora reported similar results (12, 1), 26). 
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Stewart, et al. (33) concluded the susceptibility of 
low grain yields due to a water deficit at pollination may 
·be r educed if there were def icits ln earlier stages of 
growth. They expressed this phenomenon as a "conditioning" 
factor that would be important in planning irrigation sys­
tem operations with a shortage of water. Several authors 
(12, 13, 23) have made sim ilar observations. 
Denmead and Shaw ( 12) stated that corn growth without 
a sufficient water supply results in vegetati ve part s 
ha1ing short internodes ; less top growth in relation to 
root growth, poor leaf growth; and small, poorly filled 
ears ; as well as delayed silking, tasseling and maturity. 
Other authors have confirmed these d eficienc y characteris­
tics ( 19, 22� 26, 28). 
Russel and Dan ielson ( 29) reported corn will utilize 
water to a depth of 150 centimeters or more on a deep 
Brunizem so il. They concluded that th ere was a substan­
tial use of stored soil water by high yielding corn even 
when rainfall was supplemented with irrigation water. 
Rainfall and irrigation aff ected the soil water status 
only to a depth of 60 centimeters. Howe and Rhoades ( 19) 
determined that 95% of the total water used by corn came 
from the top 75 centimeters of Tr ipp very fine sandy loam 
soil when i�rigation treatments kept the soil at a high 
soil wate� potential. With no irrigation, corn on the 
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same Tr i pp very fjne sandy loam soil used only 57% of the 
total water from the top 75 c ent imeters . Letey and Peters 
( 22) s u g g e s t e �  i rr i ga t i on on l y  when weather conditions 
promote a ser ious depletion of water i n  the upper 60 cen­
timeters of soil . They a lso reporte d that so i l water 
consumption must be consid ered in con junc tion with sea­
s ona l c l i mat e . 
Nitrogen Effects 
Nitrogen is norma lly r e gard e d to be the most limiting 
nutrient for corn prod uc tion in many soil s i n  the M idwest . 
Its app l i c at i on on corn s e e ms to have the quickest and 
most pron ounc ed effect of a l l  applied nu tr ients . N itro gen 
especially encourages above-ground vegeta ti ve growth and 
is responsible for a dark green leaf color. 
Nitrogen d eficienc y i n  y o u ng corn plants results in 
stunted plants w i th light green foliage and restricted 
root systems. Established plants lose n itrogen from the 
older, lower l e av e s as newer growing parts require the 
nutriGnt. The m i d l eaf ar e a of the lower leaves become s 
yel l ow a nd this y e l lowing develops a characteristic V­
shaped pa tt ern . S e ve r a l  authors have verified these 
effects (1, 2 ,  4). 
The rate and timing of nitrogen added to the soil 
are important management practices of c orn p r o d uc t i on . 
C o rn requires approxinately one kilogram of nitro�en to 
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produce 37 ki lograms of grain (2). There fore, a 12,000 
kg/ha corn c rop w i l l  re qu ire approximately )20 kg/ha of 
nitrogen. This is considerably more nitrogen than mo s t  
soils are able t o  prov i d e  during the growing s e a son 
throu gh mine ral i z a t ion or accumulations of n i trate nitro-
gen (No3-N). 
Soil t e s t i ng i s  an important gu i d e  to determining re­
sidual No3-N. Bauer, e t  al. (6) studied various me thod s 
of assessing soil ni tro gen content as a mean s  of predict­
ing nitrogen fer tili zer res¥onse. They determined that 
the ava i lab l e  soil moisture at seeding is a va lu able aid 
in making n itrogen recommendations on small grain, with 
the determination of soil nitrate content to 60 c ent i -
meters as an impor tant additional guide . Herron, e t  a l . 
(15 ) conducted tests on fine-textured soil s me a sur i ng 
re s idual nitrogen accumulations and their effective use 
by irri gated corn. They co ncluded that t e s t ing so i l s  for 
N o 3 -N plu s NH4-N offers improve d  c hanc e s  of an accurate 
evaluat ion of f e r til i zer requirements. 
Various studies have been made to determine a crop 
response to f e r t i l i z er additions with adequate stored 
water or ra infa l l  condit ion s ( J ,  7. 8, 14, 15, 22, 23, 25). 
These authors generally seem to agree that enhanced water 
availability gr e atly improves the efficiency of p lant 
nutrient uptake from the soil. O lson and Onstad (24) 
studied the soil water r e g i me s  of corn with and without 
fertilizer a1ditions. Th � y  ren0rt d t�at ferti1:zcd c o rn 
dryl:?.r:d plct:; · .... sed rr.O�"'C water than �O!:. .. 
f ert i li z e d  corn. They ccr.cludcd that the nature o: a 
fertilizer r e sp on s e  tc corn yields depends up o n the water 
availability dur i ng the gr ow i ng season. 
S e v e ra l  re s e ar c h er s  have studied t h e  e f f e c t s  o f  time 
and method o f  nitrogen app l i c a t i on o n  c or n  (22, 27, 32). 
R ehm and W i e s e (27) sta t e d  that the e ff e c t  o f  m e t h o d  o f  
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app l i c ati on o n  c orn y i e ld s w a s  a func t i on o f  t h e  soil t ex ­
ture. Corn gr own o n  sandy soils re spo nd e d t o  t h e  app l i c a ­
t i on o f  n it r o ge n  and r e c ov e r e d a h i gh e r  p r op or t i o n o f  t he 
applied n i t r o ge n  wh e n  s o me f e rt i l i z e r ni t r o g e n  wa s added 
with t h e  i rr i gat i o n wat er . The me t h o d  of n i t r o ge n  appli-
c at i o n had n o  e f f e c t  on y i e ld wh en corn was gr own on a 
f ine - t ex tu r e d  s o i l  s inc e th e f ine - t ex tur e d  mat e r ia l  r e -
s tr i c t e d  d ownwar d movement and loss o f  No3-N. 
The various f ac t or s and i nt e rac t i on s  of c o rn p ro d u c -
. tion are discussed i n  th i s  l i t erat u r e  r e v i ew a s  t h e y  app �y 
to var i ou s  s e c t i on s  of th e U n i t e d  S ta t e s .  T h i s  e x p e r iment 
d e a l s w i th the app l i c at i on o f  s o me o f  t h e  manage ment pr i n ­
c ip l e s  n e c e s s ary in i rr i ga t e d  c orn p r od u c t i on w i th the 
s o i l s  and climate o f  c entra l S ou th D ak o ta . 
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MATEH I ALS AND METHODS 
Genr--��l 
---
This experiment was conducted during the 1978 growing 
season to study some of the effects of water and nitrogen 
variables on corn performance in central South Dakota. 
The experimental site was on the Paul Bonhorst farm, which 
is 1 8  m5 l e s  southeast of Pierre on State Highway 34. The 
legal description of the site is SW29-ll0-76 of Hughes 
County. The soil classification and initial s oil tests 
are given in Tab l e  1. The physical properties of the Re e 
silt loam soil are presented in Table 2. C l imat i c  data 
for the growing season are presented in Table 3. The pre­
cipitation during the growine season is g i ven in Appendix 
Table A. 
The experiment utilized a split plot design with six 
water treatments replicated four t i me s a s  main plots. 
Main plots were divided into four nitrogen treatme1ts as 
subplots. Tu.ain plots receiving irrigation water were used 
to study two nitrogen appljcation methods. The field plan 
and treatment designations are presented in Figure 1. 
The expcrin.ental site requ"ired 0. 41 he\.;tare of la0d. 
Each plot measured 11.6 meters by 14.6 meters. The ex-
perimental site is shown in Figure 2 with respect to the 
ouerall field �a ... rout. 1•1an<'Fement practices were the c:-ame 
throu�ho ·t th� field excent for water and nitro�en levels. 
Table 1. Soil classification and initial soil tests for experimental site. 
Se�ieo Classification 







Soil Test Results1/ 
� Ji l?. K 
(;�) ( kg/ha ) ( kg/ha ) (kg/ha) 
2 . 4  23 13 482 
14 
1/ Determined by Soil Testing Laboratory, SDSU. 







7 . 6  
Den th Fie]d CaDacitvl/ Wiltinf" Pointy 
(cm) (% by wt) (% by wt) 
/ Available 
Bu1k Dens1tv1 Water Capacity 
(gms/cmJ) (cm W8.t cr/Cm soil) 
0-JO 30.2 16.3 
"".(0-60 ../ 28 . 4  1 9 . 1 
60 - 90 24.6 17.8 
1/ Determined from field water conditions. 
g; �oisture content at 15 bars. 
3/ Determined from so il cores. 
1.24 
1 . 40 
i . 54 
0.18 
0 . 1 1 
0 . 1 1 
'.0 
Table J. 1978 climatic data for central South' Dakota • .  
Data May 
Average Minimum Temperature (0.c).1/ 7 . 8 
Average Maximum Temperature (0c)1/ 20.3 
Averaee Temperature (°C)�/ 14. 8 
Growine Degree Days (°F)£/ 206 
Precipitation (mm ) }/ 55 
1/ Oahe Dam weather station . 
't:./ Pierre weather station. 
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The cultural practic e s emp loyed by Paul B onhorst are 
presented in Table h. 
Table 4. Cultural practices employed by Pau l Bonhorst 
in 1978. 
Corn Variet1 Plantina- Date 







Herbicide Starter Ferti lizer 
90 Lasso 133 kg/ha of l0-34-o 
Methods for Water Control 
A ditch was constructed around each plot with a large 
V-blade to keep applied water confined within the p lot 
area. Within irrigated plots, manually constructed diYe s 
were formed in alternate east-west corn rows. This pro-
cedure prevented water flow ac ross corn rows in the 
direction of greatest slope. 
The water source for the experiment was the .issouri 
River which was approximately three kilometers south of 
the experimental area. Water �as pumped from the Missouri 
River to the center pi vet systf'r.' by m9an of an '.lnd c""'-
ground mainline. A one-quarter turn valve was installed 
in the undc:rgr •1ncl 1 ·_'r.0 to rec Jate the v·---'-er discharge 
�o the plots. ·�ater \'1.S ap lied via gated pipe to a] ter-
natc rows of each plot. Adjacent east-v�st plot� were 
855 SOUTH DAKOTA STATE U IVERSITY LIBRARY 
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irrigat e d by mov ing the gat e d  p ipe ac r o s s  the lar ge d itche s 
shown in F i gur e J . 
Water was app l i e d ac c ord ing to stage of c orn d evelop ­
ment as  given in Tab l e  5 ,  A water me ter was install ed near 
the water valve to  d e t ermine the di scharge from the und e r ­
ground mainline. A 7.5 l it er pai l and stopwatch were used 
to d e t ermine the uniformity of wat er d i sc harge among gat e s .  
Gate d i sc harge s were uniform when no more than f our gate s 
were open at a t ime . The refore , only e i ght rows c ould b e  
wa � e r e d  simultane ou sly . 
When the quarter  turn valve was opened two notche s ,  
the di scharge was 2 7 . 3 c ub ic me ter s per hour ( mJ/hr ) a<:! 
determined by the water me ter . Opening the valve more 
than two notche s ac tuated a vacuum switch  at the center 
pivot tower and shut off the system. A plot  required 
4 . 2m3 of water f or each 25 mill imeter (mm) water treatment , 
and every two c orn rows  requ ired 5 . 2 minut e s  of irr igati on 
to apply 2 5  mm of water . The wat er me ter . was u se d  t o  
verify the length of  t ime ne e d e d  for water app l ic at i ons . 
The wat er discharge at the gate s  was che cked  per i o di c ally 
dur ing irri gation t o  ensure uniformity of the app l i e d  
wat er . 
The so il  water c ontent was monitored throughout the 
growing season w ith a neutron probe . One neutron ac c e s s  
tube was loc ated w i t h in each plot . Ins tal lat ion d epth s  
Figure 3. Irrigating water treatments on east side of large ditch. 
I-' 
\.}\ 
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var i e d  fr om 1 . 2  m t o  1 . 8  m b e c ai s e  o f  s o i l  l i m i tat i on s . 
The s o i l  c or e s  r e moved f or th e tub e i n s ta l la t i on s  w e r e  
u s e d  t o  d e t er m ine bu lk d e n s i t i e s , w i lt i ng p o in t s , and 
gra v i me tr i c  s o i l w a t e r  c ontent s .  Grav ime tr i c  mo i s tur e 
d e t erm inat i ons w e r e  mad e  w i th the s o i l  d r i e d at l0 5°C f o r  
7 2  h ours . 
The neu tron prob e was c a l ibrat e d  b y  tak ing a pr ob e  
r e act ing after eac h ac c e s s tub e  had b e e n i n st a l le d  and 
d e term i ning the r e lat i on sh i p  b etwe en the r ead ing and a 
c orr e sp ond ing grav i me t r i c '"at e r  c ont e nt . Th e f a c t o r y  
e quat i o n  f o r  c onve r t ing th e p r ob e r e a d ing t o  v o lume tr ic 
wat e r  c ont e nt wa s then ad j u s t e d  f or th i s  par t i c u lar s o i l c 
The ad j u st e d e qu at i on was 1 
Y = - 2 . 0 08 + 46 . 2 lx 
wh e r e s 
Y = p er c e nt w a t e r  c o nt ent b y  v o lume 
x = neut r on prob e r e ad i ng + s t andard c ount . 
The s tand a r d  c ount was a n e u t r o n  r e ad i ng tak e n  b e f or e  the 
neu tr on s our c e was low e r e d  i nt o the ac c e s s  tub e . The s o i l 
wat e r d e t erminat i on s  Mad e  dur ing the growing s e a s on ar e 
g i v e n i n  Append i x  T ab le B .  
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Me thod s for  N i trogen C ontr o l  
S o i l  samp l e s  were taken b e fo re p l ant ing , a t  mid s e a s on 
and a f t e r  harve st t o  d e t e rm i ne t h e  c onc entrati on and d i s -
tr ib ut io n  o f  n i trate nitrogen ( No3 - N ) . A l l  samp l ing wa s 
ac c omp l i sh e d  w i th an Oakf i e ld probe . T h e  samp l e s  b e f o r e  
p lant in g were t a k e n  over the ent ir e  exper ime nt a l  ar ea at 
random to a d ep th of 60 c m .  Midseason and aft er harve st 
sample s were taken from each ni troge n  ( N )  tre atm e nt wi thin 
wat er tr e a tment s . Samp l e s  w e r e  take n from t hr e e  l o c a t i o n s  
i r1 e ac h  N treatme nt , and a c omp o s i t e  o f  e a c h  3 0  c m  so i l 
depth wa s mad e t o  90 cm . The sampl e s  were o v e n  dr i e d at 
38°c , and the N o 3-N ana l y s e s w e r e  d o ne b y  t h e  S o i l  Te sting 
Lab ora t o r y , SDSU . The N o3 -N tota l s  t o  90 c m  o f  s o i l  d ep th 
ave ra ge d o v er wa t e r  rep l ic at e s  are g i ven in T ab l e  App en -
d ix C .  
N i tr o ge n wa s app l i e d t o  the subpl o t s  i n  tw o f o rms . 
The d r y land plo t s and t en of  the p l o t s  that r e c e iv e d  
i rr i ga t i on water had 34% granular amm o n ium nitra t e as 
the ir N s our c e . A l l  ammonium n i trat e wa s broad c a st by 
hand . Th e r ema in ing ten p l o t s  rec e ived  a c omb i na t i o n  o f  
amm on iu m ni trat e and a 32% l i qu i d N so l ut i o n a s  the ir N 
s ou r c e .  The l i qu i d N solut i on was app l i e d th r o u gh the 
irr i g a t i o n wat e r w i th an in j e c t o r p ump a t  a c on s tant ra t e . 
The tw o me thod s of  N app l i c a t i o n and t h e  p e rc e n t  o f  e a c h  
N s ou r c e u s e d  i n  the tw o method s are p r e s e nt e d  i n  T ab l e  6 .  
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T ab l e  6 .  N itrogen methods  o f  appli c at i on on c orn i n  1978 . 
App l j cat i o n  Method 1 
N i tro ge n 
T r e a t mA nt N Sourc e 
( kg/ha )  





N itr o ge n  
T r e a t :n P nt 
(kg/ha )  
0 
1 3 5 
275 
404 
kg/ha % o f  tota l kg/ha 
0 0 0 
1 35 100 0 
2 7 5 100 0 
404 100 0 
Applicat ion Method 2 
N Sou rc e 
Ammon ium N itrat e Liqu id 
kg/ha % o f  t o t a l  kg/ha 
0 0 0 
4 3 3 2 9 2  
18 3 67 9 2  
3 1 2  7 7  9 2  





S o l 1 t i on 





T h e  d ry land p lot s w e r e  sa mp l e d a t  the e n d  o f  t h e  
grow i ng s e a son t o  d e t e r m in e t h e  N o3-N a c c u mu l a t i o n s  d e ep 
iri · the soi l  pr o f i l e . The s e c t i o n s  o f  th e dry land p l o t s 
that d i d no t r e c e iv e  any N app l i c a t i o n v e r e  sa:np l e d  t o  a 
d ep t h  o f  1 8 0  c m  b y  a G i d d i ng s  hydrau l i c  prob e . S amp l e s  
2 0  
w e r e  ta k e n  a t  tw o l o c at i on s in e a c h  dr y land p l o t  and J O  c m  
c omp o s i t e s w e r e  t e s t e d  f o r  No3-N . T h e  i rr i ga t e d  p l o t s  
w e r e  n o t  s amp l e d  b e cau s e  o f  p o s s i b l e  N o 3 -N l e a c h i ng d own 
t hr ou gh th e s o i l  pr o f i l e . The re su lt s o f  the d ryland 
samp l i ng f or N o3-N a c cumu la t i on s  ar e given i n Tab l e  App e n ­
d ix D .  
Analy s e s  w e r e  c omp l e t e d  o n  s o i l  s amp l e s i n  th e lab o ­
rat ory t o  d e t ermi ne t h e  r e l e a s e  o f  ava i l ab l e  N under n e a r  
opt i mum c ond i t i ons . T h e  s amp l e s u s e d  i n  the ana l y s e s w e r e  
tak e n  e ar ly i n  the gr ow i ng s e ason t o  d e t e rm i ne i n i t i a l  
so i l  wat e r  c ont ent s . T h e  s o i l  samp l ing o c c urr e d  b e : o r e  
any N app l i c a t i o n . T h i s s o i l  wa s oven d r i e d a t  i o 5 °c as 
the s o i l w a t e r  c ont e nt w a s  d e t e rmined gr av ime t r i c a l ly . 
S inc e e x tr e me h e a t  r e du c es th e m i c r ob i a l  a c t i vi ty o f  the 
so i l , it wa s ne c e s s ary to i n o c u lat e t . e  ovc n- d r 3 e �  � o i l  
w i th a i r - � � i e <l  � n i l  c o  � P � t � d  � ft e r  �a rve st . T h e  u5 � -
d r i e d  � o i l  wa s f r o �  the s 2 c t i c � s  o f  t � c  d ryland p l o t s  
that d i d n o t  r e c e i ve N .  
T h e  oven-dr i e d  sa�p l c s w e r e  wc : gh e d , and a 2- C% ( �y 
we i ght ) a i r - d r i c j  SG-:;lp l c  ' � s � i x e d  w i th the o v e n - d r i e d  
samp l e  t o  gi ve app r ox i ma t e l y 5 00 gr am s o f  s o i l . Thi s wa s 
d one f o r  each 3 0  c m  o f  s oil to 1 2 0  c m .  I ni t ial  N O  - N  wa s 3 
d e te rmine d  f o r  e a c h of  th e f our m ix e d  s oi l  samp l e s .  The 
mix e d samp l e s  w e r e th en mo i s t e ne d  to saturat i on and a l -
low ed t o  dr a i n  unt i l  th e y  were at an e qu i l ibr i um s o i l  
wat er c o nt e nt . The c ontainers c ons i st e d  o f  c y l indr i c al 
tub e s ,  2 5 c m  l ong . A porou s c l oth was p lac e d  o v e r  e ach 
tub e t o  r e duc e e vap oration a nd y e t  a l l ow for aeration . 
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The c onta i ne r s  were maintained at room t e mperatur e f or tw o 
w e e k s  and th en d r i e d  t o  det 3 rm ine th e N o 3-N re lea s e  pa t­
tern of the s o i l .  The i n i t i a l and f i na l N o 3 -N r e su l t s  ar e 
given i n  App end ix Tab l e E .  
Harv e � t  Me tho d s 
The harve st p r o c e dure i nv o lve d  hand p i c k i ng 9. 1 m o f  
the two c ent e r  c o r n  r ow s  o f  e ac h  N tr e atme nt w i thin ea ch 
p l o t . Th e harve s t  ar ea d i d  not i nc lu d e  the t o tal row 
l ength i n  ord er t o  re duc e the border e ffec t  on y i e ld . 
Data c o l l e c t e d in the f i e ld f or each harve s t  ar e a  w ere 
total w e t e ar w e i gh t , numb e r  o f ear b e ar i ng s ta lk s ,  wet 
w e i ght of e ight s e c t ione d e ar s , and t o t a l  numb e r  of e ar s . 
T he moisture c onte nt of the s e c t i one d e ar s  w a s  d e t e r ­
m in e d  b y  ov en dry i ng the c o r n  at 70°c f o r  one w e ek . 
Y ie ld s w e r e  ad j u s t e d t o  15% mo i s tu r e c ontent . T h e  numb er 
of c a r  b e ar ing s t a l k s  w a s  c o nve rt e d  t o  harve s t  p opu lat i o n .  
The harv e s t  data a r e  given i n  T ab le A p p e nd ix F .  
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R E SULT S  AND DI SC U SS I ON 
Th e water and n i tr o gen app l i c a t i on d at e s i n  re l at i on 
t o  the c o rn gr owth st ages are p r e s en t e d in Tab l e  7 . 
S tage s o f  gr ow th :f o l l ow th o s e  propo s e d  b y  S t ewa r t , 
e t  al . ( JJ ) . 
Water Tr e atment s 
S o i l wat e r  c o nt ent s w e r e  me a s ure d du r i ng th e grow i ng 
s e a s on f o r  e ach wa t e r  tre atment . The s e  me a sur e me nt s w e r e  
ma de imme d iat e ly pre c e d ing �ny irr i ga t i o n and , c on s e ­
qu ent ly ,  r epr e s e n t e d  the s o i l  water c ont ent s a t  the ir low 
p o int s during the gr ow i ng s e a s on . 
The ne ar o p t imum wat e r  tr e atme nt ( W?2) r e c e iv e d  
35 1  mm o f  i rr i gat i on wat er . F i gur e  4 show s th e s o i l  
mo i stu r e r e g ime for W?2 over th e grow i ng s e a s on . The 3 0  
c m  s o i l  d epth sh ow s the gr eat e s t d i f f e r e nc e s  i n w a t e r  c on­
tent s  over t h e  c r opp ing p e r i od . The s o i l  wat e r  c ont e n t s  
at t h e  6 0  and 90 c m  d ep th s  f o l low s i m i lar t r e nd s and do 
no t c hange a s  mu c h  a s  t h e  wa t e r c ont ent at 3 0  c m . 
W a t e r  tr e atme nt s W42 and W 24 r e c e i ve d the same t ot a l  
amount o f  wa te r ( 20 0  mm ) , b u t  they d i f f e r e d  i n  the amount 
app l i e d  per irr i gat i o n . Wat e r  treatment W42 r e c e i v e d  5 0  
mm irr i gat i ons app l i ed f our t i me s du r i n g  the gr ow ing s e a ­
s on . Wat er treatment W 24 r e c e ived 1 0 0  mm irr i gat i o ns ap -
p l i ed tw o t ime s du r i ng th e s e a s o n . 
Tab le 7. W a t er tre atment d at e s  in relat ion to management procedure and stage o f  
c o �n gr owth f o r  exp er i ment in 1 97 8 . 
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The s o i l  wat er rec ord for W4 2 through the gr ow ing 
s e a s on i s  i l lu st rat e d  i n  F i gure .5 ·  A w i d e range . o f 
2.5 
wat e r  c ont e nt s o c c urr ed  at th e 3 0  and 60 cm s o i l d epth s  
w ith t h e  wate r  c ont ent s fal l i ng b e low w i l t ing p o int dur ing 
the e nd of the p o l l i nat i on gr owth st age . The wat er c on­
t ent at the 90 cm d epth st e ad i ly d e c re a s e d  thr o u gh the 
growi ng s e a s o n  to a leve l b e l ow wi lt ing p o int dur i ng the 
grain f i l l ing stage of gr owth . 
The s o i l wate r  c ontent f or W24 i s  g iven i n  F i gure 6 .  
T� B wat e r  c ontent at the 3 0  c m  s oi l d epth wa s  b e l ow 
w i lt ing p o int dur ing the ve ge tative gr owt-h st age but i n ­
c r e a s e d  dur i ng po l l inati on . aft er the p l o t s  wer e i rr i ­
gat e d .  The wat e r  c ont ent at the 3 0  c m d epth r e maine d at 
a hi gher lev e l  dur ing lat e p o l l inat i on than the W42 wat e r  
treatme nt . The wat er c ont ent s  for W 24 a t  the 6 0  and 90 
c m  s o i l  d e pths increased dur ing the p o l l i nat i on s ta ge and 
the n  f e�l b e l ow w i lt i ng p o int dur i ng the stage of gra in 
fi l l ing . The wat er c ont ent s of W42 at the 6 0  and 90 c m  
d ep th s  r e maine d r e lat ive ly c o nstant af t er thr e e i r r i ga­
t i ons and then d e c r e a s e d  at the end of the p o l l i nat ion 
s tage . 
Th e same t o t a l  amount o f  wat er wa s app l i e d t o  wat e r  
treat me nt s W 2 2  and Wl4 , but e ac h  tr e atme nt r e c e iv e d  a 
d iff e re nt amount of  wat er p e r  i rr igat i on .  T r e a tment W 2 2  
rec e i v e d  5 0  mm irr i gat i on s  app l i ed at two d i ff e r e nt t i me s 
F i v; r e  5 .  S o i l  mo i sture r e gime s d u r ing exp e r i menta l p e r i od for wat e r  
t r e a tment W42 . I\) °' 
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dur i ng t h e  gr ow i ng s e a s on wh i l e  tre atment W l4 r e c e i v e d  a 
s ingl e 1 0 0 mm i rr i ga t i on . 
T h e  s o i l  mo i s tu r e r e g im e f or wat er t r e atment W2 2 i s 
pre s e nt e d  i n  F i gu r e  7 .  Th e wa t e r  c o n t e nt a t the J O  c m  
s o i l  d e pth d e c r e a s e d  s t e ad i ly t o w i lt i ng p o int du r i ng th e 
ve ge tat i v e  s t age o f  gr owth ; i nc rea s e d  after eac h  50 mm 
i rr i gat i o n ; and t h e n  d e c r e a s e d  t o  a l ow soi l wa t e r c on­
t e nt du r i ng the gr a i n  f i l l i ng s t a ge . T h e  soi l wa t e r c on­
tent at th e 60 and 90 cm s o i l d ep t h s  d e c r ease d s t e a d i ly 
t o  value s be low w i lt i ng p o i nt du r i ng the p o l l i na t i on 
growth stage . 
The s o i l wat e r  regime shown in F i gure 8 i s  f o r  
2 8  
wa t e r  tr e atment W l4 .  The wa t e r c ont e n t s at a l l thr e e  s o i l 
d epth s i nc r e a se d aft er the 1 0 0  mm irr i ga t i on an d t he n  d e ­
cr eas e d b e low w i l t ing p o i nt du r i ng t h e  la t e  p o l l inat i o n 
sta ge o f  gr ow th . A c omb inat i on o f  r a i nfa l l  and t h e s i ng l e  
1 0 0  m m  irr i ga t i o n in tr eatment W l4 ma i nta i n e d  t h e  water 
c on t e nt at a h igher l ev e l  d u r i ng p o l l i na t 1 on c o mpar e d  to 
tre at me nt W 2 2  dur i ng the s a me gr owth p e r i od . 
The WO wat e r  t r e atme nt d i d  n o t  r e c e i ve any i r r i ga t i on 
water . T h e  wat e r  c o n t e nt s a t  a l l  thr e e  s o i l  d ep th s d e ­
c r e a s e d  sharp l y  t o  v a lu e s b e l ow w i lt i ng point d u r i ne p o l ­
l i nat i on a s  shown i n  F i gu r e  9 .  R a infa l l  d ur i ng th e e ar ly 
gra i n  f i l l i nE, s t a e;e i nc r e a s e d  t h e  s o i l  wa t e r  c o nt e nt at 
the 3 0  cm d epth bu t had no r e c o r de d e f f e c t  a t  the 60 and 
32 
90 cm  s o i l  depths . 
The water use  effic i ency for each treatment i s  pre ­
sented in  Table  8 .  The near optimum water  treatment s 
( W72 ) had the lowe st water u se effic iency  among the irr i ­
gat ed p lots  a t  21 . 6  kilograms per hectare per mill imeter 
( kg/ha/mm ) of total water u sed during the growing sea son . 
The highe st water use  effic i ency was 2 3 . 2  kg/ha/mm in the 
W42 water treatments .  The lowe st effic iency  was 1 7 . 7  
kg/ha/mm in the dry.land plots . 
The highe st yields  produc ed in th i s  experiment were 
from the W72 water treatments at 12 , 42 3  kg/ha . The plots  
rec e iving 200  mm of  irr igat ion water produced yield s  that 
were 8 0% of the yie lds grown under near optimum c onditions . 
The 100 mm water treatments produc ed approximate ly 60% of 
the W72 treatment y i e ld s .  The dryland plo t s  produc ed  
4 , 068  kg/ha which  was 33% of the grain produc t i on from 
the w72 - water treatments . 
N i trogen Treatment s 
Ammonium nitrate was broadcast by hand over the plot s 
on June 27  and the nitrogen s olut ion wa s applied  through 
the irrigation wat er on July 13 . So i l  sample s were c ol ­
lected  on  July 26 and Oc tober 5 to  determine No3 -N . The 
re sults of  the so i l  sampling for July 26 are given in 
Figure 10 . The N o 3 - N  results were averaged over  repli­
cate s and are pre sented as total N o 3 - N  in 90  cm of  so il . 
Table 8 .  Wat er use  eff ic iency for c orn grain produc ti on on R e e  s i lt loam , Hughe s 
C ounty , S . D . , 1 978 . 
Water Sourc e Wa t e r  
Wat e r  
S o  i ll/ R a iny 
Gra in
J./ 
U s e � 
T r e �:t r11t:: nt I rr igat i cn T otal Y i e l d  Effi c i e ncy 
---rn:m ) (mm) --rmm) (mm) ( kg/ha )  ( ke/ha/rT'm ) 
w72 3 8  35 1  185  574 1 2L}2 )  2 1 . 6  
Wh2 35 2 0 0  185  420  9755 2 3 . 2  
W 24 60 2 0 0  185  445 1 0 0 J 2  2 2 . 5  
W 2 2  5 0 1 0 0  185  3 3 5  7263 21 . 7 
Wl4 62 1 0 0  185  j �7 7 8 97 2 2 . 8 
WO  45 - - 1 85  2 3 0  4 0 6 8  1 7 . 7 
l/ Ava i lab le so i l  water at p lant ing minu s  avai lab le s o i l  wat er at harve st , to  
90  cm . 
zj R ainfall  from May 1 7  through September J O . 
J/ A l l inc lu s ive means for water treatments .  
� K i lograms per hec tare d ivi d e d  by total of water sourc e s . 
VJ 
VJ 
8 0 0  
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F i gure 10 . S o i l  N o 3 -N t o ta l s  for 90 c m  o f  s o i l , av erage d o v e r  r e p l i c at e s , 




The N o 3 -N l e ve ls  in  the s o i l  t end to  inc r ea s e w i th an 
inc r e a s e  in N ra te but d o  not increas e above th e leve l o f  
app l i c at i on . 
3 5  
T h e  N o 3 -N re su lts  of t h e  O c t ober  5 samp l i ng a r e  g i v en 
in F i gur e 1 1 . The s o i l  No3 -N  had i nc r ea s e d  c o n s i d era b ly 
s inc e July 26 at the high N rate wi th i n  th e WO and Wl4 
wat er treatment s . The s o i l  N o 3 -N at the h i gh N rate for 
water tre atment W22 was abnorma l l y  low c ompar e d  t o  the 
No3-N d e t ermined f or the high N subp l o t s  of  o th e r  wat er 
treatment s .  The d i fferenc e �  in so i l  N o 3 - N  f or the two 
samp l i ng date s  ar e given i n  T ab l e 9 .  The s o i l  N o 3 - N  
inc r e a s e d  c onsi st ently w i th N rat e  in the W O  w a t e r  tre at ­
ment . The N o 3 -N leve l s  in the 404 kg/ha N tr e a tme nt i n ­
crea s e d  in  all water tre atment s e xc ep t  W 2 2 . 
The s o i l  wa s probed Oc tober 16  t o  d e t ermine the c on ­
c entrat i on and d i stribut i on of No 3 -N d e ep w i th i n  t h e  so i l  
prof i le . Samp l ing was d one on dryland su bp l o t s  tha t d id 
not re c e ive app l i ed N .  The amount s o f  N o 3 -N a t  each J O  c m  
d epth was average d over the f our rep l i c ate s t o  give  the 
N o 3 -N graph shown in F i gure 1 2 . S i gni f i c ant ac c umu la t i on s  
of N o 3 -N were  no t f ound in  th e s o i l  prof i le samp l e d  t o  
18 0  cm , but the N o 3 -N accumu lati ons in the t op 9 0  c m  were 
h i ghe r at th i s  sampl ing d ate than the O c t ober 5 sampl ing 
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T ab l e  9 .  So i l  �0 1 -N d i ff erenc e s  b e tw e e n  t h e  Ju ly 2 6  and 
O c t ob e r 5 sampl ing d a t e s . 
Wa t e r  T r e a t rn 0 nt N itro�en T r e a t mPnt 
W7 2 
W 42  
W 24 




- 3 . 5  
0 
0 
_ ".>  5 .J • 
- 1 . 7 
+? . 6 
(kg/ha ) 
1 3 5 
- 7 5 . 9 
- 14 . 3 
- 1 3 . 8  
+14 . 3 
-50 . 8 
+65 . 4  
2 75 404 
- 16 . 4  +3 .  2 
- 97 .
3 +73 .  8 
- 22 . 2 +122 . 9 
- 7 9 . 5 - 15 2 . 9  
+l . 9 +3 7 3 . ?  
.;-13 9 . 7  +54 6 . 2 
Tab l e  1 0 . C ond ens e d  ana ly s i s of var i anc e i n  d a t a  of  
m e a su r e d  c orn parame t e r s  at harve s t . 
Mea su r e m e  t 
Gra i n  y i eld  
Harv e s t popu lat i on 
Mo i s tur e c on t e nt 
Wat er 
**1/ 
* *  
1/ I nd i c a t e s s i gn i f i c anc e 
l e v e l . 
a t  
zl I nd i c a t e s  non - s i gn i f i canc e 
c on f i d e nc e l e ve l . 
Var i a nc e S ou r c e  
NS 
NS 








p e r  
f i ve 
App l i c at .i cn 
Me t h od 
NS 
c e nt c on:' i d enc e 
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180 
F i gur e  1 2 �  S o i l  N o 3 -N ave rage s for dry land suc p l o t s n o t  
r e c e i v ing n i tr o ge n . 
Stat i st i c a l  Analy se s 
A summary o f  the anal y s e s o f  var i anc e for mea sure d  
c or n  parame t e r s  i s  gi ven in Tab l e  10 . A m o r e  d e ta i l e d  
summary o f  the s t a t i s t i c a l  ana l y s e s i s  g i v e n  in App end ix 
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Tab le G .  Wat er s i gn i f i c ant l y  aff ect e d  gra i n y i e l d s . The 
e f f e c t s  o f  wat e r and n i tr o ge n  l e ve l s  o n  gr a i n  y i e l d s  are 
given in F i gur e  l J . Gra i n  y i e l d s inc re a s e d  as the water 
supp ly wa s i n c r e a s e d  in th i s  par t i c u lar e x p e r ime nt . 
O r th ogo na l  c ompar i s o n s  show e d  tha t th e W 7 2  wa t e r  treatment 
12.50 0., N rate ( kg/ha ) 
0 \I'\ \I'\ ..::T 
ri t'- 0 
r-i C\J ..::T 














WO W lL� W 2 2  W24 WLi 2 
Water Treatment s 
Figure 13 . C orn y ield s as affe c ted  by water treatment and N rat e . 




· pr oduc e d a y i e ld s i gnif i c ant ly d i ffer ent fr om th e other 
irri gate d water tr e atment s . Ther e was no s i gnif i c ant d i f ­
ferenc e  in y i e ld b e twe en the W42 and W24 water t r e atments 
nor be twe en the W l 2  and W l4 t r eatme nt s .  The wat er tr eat ­
ment s  .re c e iv ing 2 0 0  mm of irr i gation wat e r  produ c e d  a y i e l d  
significantly d iffer ent than the wat er tr eatment s r e c e iving 
100 mm of suppleme nt a l  wat er . The irr i gate d p l o t s  pro ­
duc ed a si gni fic antly d iff erent yie ld than the dryland 
plots . 
The relationship between total water u se and grdi n 
y i e ld i s  given in F i gure 14 . A line ar r e gr e s s i on e quat i on 
was fitted  to the data and the deve lop e d  equat i on was 
y =  - 86 9 . 6  + 24 . lx w i th a c o e ff ic ient of d e t e r minat i on of 
0 . 97 .  The line ar e quation was deve l op e d  to show the re ­
lat ionship b e twe en water use and grai n y i e ld j u s t  f or thi s 
part ic u lar f i e ld experiment . 
Harve st populati ons ( ear -bearing stalk s ) a s  aff e c t e d . 
b y  wat er and nitroge n  leve ls  are pre sent e d  in Figure 15 . 
Tukey ' s  h sd t e st ( 3 1 )  at the 0 . 0 5 c onf i d enc e l e v e l  was u s e d  
t o  de t e rmine that th e 1 0 0  and 2 0 0  mm wat e r  treatment har ­
ve s t  popu lat i ons were not s i gnif icant ly d ifferent . The W 7 2  
wat er t reatment , the highe st p opu la t i on , was significantly 
different from the r emaining water treatments . 
The mo i stur e c ont ent s of the harv e st e d  c orn a s  
affe c t e d b y  wat e r  tr eatment and ni tro g e n  are pr e s ent e d  in  
1 2 0 0 0  
1 0 0 0  









































y = - 8 6 9 . 6 + 24 . lx 
2 R = • 97 -
3 0 0  400  500  




F i gure 1 4 . R e l3.t i o r. ah i p  b e t·ve e n  ·� t er u s e and gra in 
y i e ld f o r c orn e xp e r iment i n  1 97 8 . 
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F i vire 15 . Ear-bear ing stalk s at harve st a s  affected by water treatment and 
nitrogen rat e . 
W 7 2  
� 
l\) 
F igure 1 6 .  The moisture c ont ent of the c or n  from the W7 2 
p l ot s wa s s i gn i f i c ant ly d iff erent , at the 0 . 0 5 c onfi denc e 
le vel , fr om the other water treatment s a s  d e t e rmine d by 
Tukey ' s  h sd  proc e dure . The grain mo i sture c onte nt s  from 
other wat er treatment s were not s ignif i c antly d i f f erent . 
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The appli cat i on of N had no s i gn i f i c ant inf lu enc e on 
grain �i e ld s ,  harve st populat ion or mo i sture c onte nt of 
the corn in th i s  exper iment . N i trate -N accumu la t i ons deep 
in th e s o il pro file do not ac count for the N ne e d e d  to 
produc e the h i gh y i e ld s that r esu lted fro m thi s  expe:� iment . 
The irr igat i on water was taken fr om the Mi ssour i  R iver 
whi ch r e duc e s  the po ssib i l ity of nitrat e s b e ing appl ied 
w ith irr igati on water . The r e sult s of the two -we e k  incu­
bat i on p e r i o d  showed that th� No 3 -N l e ve l s  had inc reased 
in the l ower depths  of the soil prof i le . S o i l  t e s t s  in­
d i c at e d  that 8 . 1 kg/ha of No 3 -N was pr es ent through out the 
12 0  cm s o i l prof i le before the incubat i on p er iod . At the 
end of the two-w e e k  p eriod , the No
3
-N ac cumula t i o n s  
rema ine d at 8 . 1 kg/ha in the upp er 60 cm of s o i l . The 6 0  
t o  90 cm s o i l depth had r i s e n  t o  20 . 2  kg/ha a f t e r  two 
we e k s  and the 90 to 120 c m  soi l dep th had r i sen t o  28 . 2  
kg/ha . 
Suff i c ient nitr i f icat i on of the soil organic ni tre -
ge n must have be en the means by wh i c h  the plant s r e c e iv e d  
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F i gur e  16 . Mo i sture c o ntent a t  harve st as  aff e c t e d  by water treatment . and 






e xp er i me nt . Thi s e xp lanat i on app ear s l i k e ly i n  v i ew of th e 
f ac t  that thi s wa s the f ir s t  y e ar that th i s  p or t i on of the 
f i e ld had e v e r  b e en irrigat e d . Thus , the c omb inat ion of 
ava i lab l e  wat e r  and t e mp eratur e was c onduc i ve to n i tr if i ­
c at i on i n  t h e  s o i l  pr o f i le ove r the ent i r e  gr ow i ng s ea son . 
I t  appe ar s  that th i s  pro c e s s  mu st hav e mad e  nitr ogen 
ava i lab le t o  th e c orn p lant s within the var i o u s  water 
treatment s . 
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SU MN!.ARY AND C ONCLU S I O N S  
A f i e ld exp er iment wa s c onduc t e d  dur ing the 1 978 
growing s eason in c entral South Dako t a  to s tud y the 
effec t s  of suppl e mental water and nitro ge n  on c orn y i e ld s . 
The exper imental de s i gn  c ons i st e d  of s i x  water treatment s 
repl icated  f our t ime s w ith f our nitr ogen rat e s  app l i ed 
to each water treatment by two diffe rent me thod s .  
The s ix water treatment s w ere s 
WO No irr igati on 
W l4 One 10 0 mm irr igat ion b efore  ta s s e l  
W22 Tw o  50 mm irr i gations , one before tas se l  
W24 Two 100 mm irr i gat i ons , one b e f ore tass e l  
W42 Four 50 mm irr i gat ions , one b e f or e  tas s e l  
W 7 2  Near optimum s o i l  wa t er  c o ndi t i ons . 
The f our nitrogen rate s were O ,  135 , 275 , and 404 
kg/ha . The two nitrogen app l i c at i on me tho d s  c ons i st e d  of 
34% ammonium ni trate broad c a st over the pl o t s  and a c omb ina ­
t i on of 3 2%  l iqu i d  ni tr ogen app lied thr ough t h e  irr i gat i on 
wat e r  and ammonium nitrate broadc a st over the p l ot s .  
The p lot s ( 1 1 . 6 m x 14 . 6  m )  we re i rr i ga t e d  by means o f  
a gate d  p ip e  sy stem w i th water f�om the Mi s s our i R iver . 
The c orn var i e ty ( P i on e er 3 78 0 ) wa s p lant e d  on May 1 7 , 1 9 7 8 , 
at the rat e  of 65 , 0 0 0  p lants p er h e c tar e . The s o i l  was a 
R e e si l t  loam wh ich had an ava i lab le  water ho ld ing c apac i ty 
of 12 . 5  c m  in the top 90 c m  o f  s o i l . 
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S o i l  wat er contents we r e  d e t e rmine d f or each wat e r  
treatment dur ing the growing season with a neu t r o n  pr ob e . 
The gr e at est f luc tuat i on s  i n  the s o i l water contents oc­
c urre d j u st b ef ore or during p o ll inat i on , wh ich i s  when the 
irrigation treatment s wer e app lie d to the corn. The s o i l  
moisture c ontent o f  the dryland plot s d e c r e a s e d  sharply 
dur ing p o l l inati o n , which e x e mp l if i e s  the p e ak wat e r  u se 
by corn dur ing th i s  crit ical s tage o f  gr owth . 
Wate r  had a s i gnif i c ant af f ect e n  grain y i e ld ,  harv e st 
p o �u lat i on ,  and moisture content of the e ar c or n . Gra in 
y ields increased w ith an increase in wat er u s e in th i s  
e xp erime nt . A li ne ar r e gre s s i on · re lat i o nship , y = - 8 69 . 6 
· +  24 . lx ,  was deve l op ed wh er e y = grain y ield ( k g/ha ) and 
x i s to tal water use ( mm ) . 
The W 7 2  wat e r tre atme nt r e c e iv e d  3 5 1  mm o f  i rr i gat ion 
water dur ing the growing s e a s on and produced a grain yield 
( 1 2 , 42 3  - kg/ha ) s i gni f i cantly d i ff e r e nt f r om o t h e r  irr i gat ed 
wat e r  tre atment s . The water treatments that r e c e iv e d  the 
same t o ta l  amount of irr igat i o n water did not pr odu c e  s i g­
nificantly d i f f er ent grain yi e ld s . The water t r e a tment s 
r e cei v ing 2 0 0  mm o f  irr i gat i on wat e r  pr o duc e d  gr a i n  yi e ld s 
s i gnif icantly d i f fer ent fr om the wat e r  tr e atment s that 
r e c e i ve d  1 0 0  mm of irr i gat i on wat e r . T h e  irriga t e d  wat e r  
t rea tment s pr odu c ed gra in y i e l d s  sign i f icant ly d i f ferent 
from the dryland tr e atment s .  The WO wat e r  treatment s 
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produc ed  the lowe st yi eld s  in thi s experiment at 4 , 068 
kg/ha which were above yearly average s f or c orn grain pro ­
duction under dryland condit ions in c entral South Dakota . 
Pre c ipitation wa s unusually high in the fall of  1 9 7 7  re­
sulting in  very favorable soil  water c ontents at . the start 
of the 1978 growing season . The c ombinati on of high ini­
tial soil  water c ontent s  and t imely pre c ipitation  during 
pollination appear s  to be the reason for  above average 
dryland grain yie ld s . 
Water use effic iencie s  varied from 23 . 6  kg/ha/mm to 
2 1 . 7  kg/ha/mm for the irrigated water treatment s . The 
dryland plots had a water use  effic ienc y  of i7 . 7 kg/ha/mm 
of water used by the crop over the growing s eason . 
Soil  sample s were taken before planting , at midsea­
son , and after harve st to determine the c onc entrati on and 
distribution of nitrate -nitrogen in the upper 90 cm  of the 
soil  profile . The nitrate -nitrogen level s  in the dryl�nd 
plots that rec e ived  404 kg/ha had more than doubled  from 
midseason until  after harve st . The nitrate -nitrogen 
l eve l s  in the W 7 2  water treatment s that r ec e ived  404 kg/ha 
had nei ther increased nor ' decreased from mid season unt i l  
after harve st . The nitrogen re lease potential of the so i l  
was determined und er laboratory c onditi ons t o  study the 
nitr if ication of the soil  organic matter . 
Grain y i e ld s  were not s i gnif icantly affect ed  b y  
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nitr o ge n  rat e s  or me tho d s  o f  nitr o gen app l i c at i on .  The 
only e xp lana t i on that c an b e  off ered i s  that suff i c i ent 
nitrif icat i o n  of the s o i l or ganic ni t r o ge n  o c c urr e d  w i th i n  
the s o i l  pr o f i le o v e r  the l J B  d a y  gr owing s e a s o n t o  pr o ­
vide  the ni troge n  ne e d e d  by the c orn plant s t o  pr oduc e the 
obtaine d yi e ld s . Thi s e xplanat i on appe ar s  l i k e ly i n  view 
of the e nhanc e d  s o i l  e nvir onment pr ovid e d  by f ir s t - ye ar 
irr i gati o n  on thi s p ort i on of the f i e ld . The s o i l , f or 
the f ir s t  t ime , was _exp o s e d  t o  mo i s tur e and t e mp e ratur e 
c ond i t i ons c onduc ive t o  nitr i f icat i on o v er the e nt ire 
gr ow ing sea son . 
The r e su lt s  o f  th i s  study can b e  u s e d  a s  a ba s i s  for 
d ec i s i ons on wat er management under c ond i t i ons 6f a l im­
i t e d  water supp ly that do no t allow irrigat i on for max i ­
mum pr o du c t i on .  T o tal wat er app l icat i o ns of 1 0 0  mm can b e  
app l i e d  a s  one ir r i gat i on or a s  two e qual irr i gat i ons 
w ithout any si gni f i c ant d if f er enc e in gr ain y i e l d s  a s  long 
as the y  ar e app l i e d  j u s t  b e f o r e  or during _ the early po ll i ­
nat i on s tage of gr ow t h . H i gh e r  c orn yi e ld s  c an b e  expe c t e d  
i f  20 0 mm o f  wat er ar e app l i e d  just b e f or e  an d dur i ng the 
p o l l inat i o n gr owth stage . F our 50 mm irr i gat i on s  ar e j u st 
a s  e f f e c t ive as two 100 mm irr i gat i ons f or grain produc t i on 
when app l i e d dur ing the c r i t i c al p er i o d  o f  gr owt h . Max i mum 
c orn yi e ld s  c an be e xpec ted when the s o i l  wat er c o ntent i s  
mai nta ine d in the upper 5 0  p e r c ent o f  the avai lab l e  s o i l  
wat er r e g ime . 
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Pamph l e t  F S  4 3 2 . s .  Dak . Sta t e  U n iv . , Br o o k ing s . 
3 .  A l e s s i , J . , and J .  F .  Pow er . 1 9 6 5 .  I nf lu enc e o f  
mo i s tur e , p lant p opulat i o n , and nit r ogen o n  dry land 
c or: 1 in the Northern ·P la ins . A gr o n . J .  5 7 1 6 1 1- 6 1 2 . 
4 .  B a i rd , B .  L . , and J .  J .  B onnemann . 
t i on and spac ing o f  i rr i gat � d  c o r n . 
Sta . C irc . 1 2 0 1 1 -8 . 
1 9 5 6 . F e rt i li za­
s .  D .  Ag. Exp . 
5 . B arne s ,  D .  L . , and D .  G .  Wo o l le y . 1 96 9 .  Effe c t  o f  
mo i s tur e str e s s  a t  d i ff e r ent st age s o f  growth . I .  
C ompar i son o f  a s ingle - e ar e d  and a two - e ar e d  c o rn 
hybr i d .  A gr o n . J ,  6 1 1 7 8 8 - 7 90 . 
6 .  B au er , A . , E .  H .  Va s s e y , R .  A .  Y oung , and J .  L .  
O zbun . 1967 , S tor e d  s o i l  mo i s tur e b e s t  gu i d e  t o  
ni trogen ne e d e d . N .  D .  Farm R e s . 2 4 ( 11 ) 1 1 5 - 24 .  
? ·  B ax t e r , P . , and L .  O .  F ine . 1 960 . F ert i l ity he lp s 
c orn y i e ld m o r e , gr ow b e tt e r r o o t  s y st e ms und er 
l im i t e d  mo i sture . s .  D .  Farm and H ome R e s . 1 1 1 3 - 5 · 
8 .  B o swe l l , F .  C . , O .  E .  A nd e r s on , and S .  V .  S tac e y . 
1 9 5 9 . S ome e f f e c t s  o f  irr i gat i on , n i tr o ge n , and 
p lant p opu lat i o n  o n  c orn . Ga . Ag . Exp . S ta .  B u l l .  
N .  S .  oO s l- 5 1 . 
9 .  C l aa s s en , M .  M . , and R. H .  Shaw . 1 97 0 . Wat e r  d e f i c i t  
e f f e c t s  o n  c orn . I .  V e ge tat ive c o mp o ne nt s . A gr on .  J .  
62 1 64 9 - 65 2 .  
10 . 
1 1 . 
C laa s s en , M .  M . , and R .  H .  Shaw . 1 97 0 . 
e f f ec t s  o n  c o rn .  II. Gra i n  c o mpone nt s .  
65 2 - 6 5 5 . 
D e B o er , D .  W .  1 97 8 .  I rr i gat i on p e rmit s .  
Farm and Home R e se ar c h . Spring 2 9 s 9 - 1 0 . 
Wat er d e f i c i t 
A gr o n . J .  62 1 
S .  Dak . 
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1 2 . D e nmead , O .  T . , and R . H .  Shaw . 1 960 . T h e  e ff e c t s  o f  
so i l  mo i sture str e s s  at  di ffer e nt stage s of gr owth o n  
th e d ev e l opme nt and yi e ld o f  c orn . A gr on . J .  5 2 1 27 2 -
274 . 
13 . D owne y , L .  A .  1 972 . Wat e r -y i e l d  r e lat i onsh i p s  f or 
nonf orage c r op s . ASC E . March . 10 7 - 1 14 . 
14 . G ebre se las s i e , M .  1976 . The e f f e c t  of n i t r o ge n  f er ­
t i l i z er on c o rn y i e ld and nitr o g e n  uptake by p lant s 
und e r- thr e e  wat e r leve l s . M . S .  The s i s .  N .  Dak . S tate 
U n i v . ,  F argo . 
15 .  H e rr on , , G . M . , A .  F .  Dr e i er , A . D .  F l ower day , W .  L .  
C o lvi l le , and R ." A .  O l son . 1 971 . R e s idua l m i ner al N 
ac c umulat i on in s o il and it s ut i l i z at i on by irrigate d  
c orn ( Z e a May s L . ) .  A gron . J ,  6 3 1 3 2 2 -3 2 7 . 
1 6 . H o lt , R .  F . , and D . R .  T immons . 1 96 8 . I nf lu e n � e  o f  
pr e c ip i t at i o n , so i l wat er and p lant p opulat i o n i nter ­
ac t i ons on c orn grain y i e ld s . A gr on .  J .  60 1 3 7 9-38 1 . 
1 7 . H o lt , R .  F . , D . R .  T immon s , R . R .  A l lmara s , A .  C .  
C a ldw e l l , C .  E .  Gat e s ,  and F .  E .  Shub e c k .  1 9 65 . 
Produ c t ion fac t o r s f or c orn in the N orthwe s t  C orn 
B e lt Area . U SDA -AR S 4 1 - 110 , 3 8 PP • 
18 . Ho lt , R .  F . , D . R .  T immons , W .  B .  V o orhe e s , and C .  A .  
Van Doren . 1964 . I mp o r tanc e o f  s t o r e d  s o i l  mo i sture 
t o  th e gr ow th o f  c orn i n  the dry t o  mo i st s ubhumid 
c l imat i c  z one . Agron . J .  56 s 8 2 -8 5 . 
1 9 . H ow e , O .  W . , and H .  F .  R ho a de s .  1 9 5 5 · I rr i gat i on 
prac t ic e f o r  c or n  pr o duc t i on i n  r e lat i on t o  sta ge o f  
p lant deve l opment . S o i l S c i .  S o c . Am . Pr o c . 1 9 1 94 - 98 . 
20 . I srae l sen , o .  W . , H .  E .  Vaughn . 1 93 2 . I rr i gat i on 
Pr a c t i c e s  and Pr i nc ip l e s . J ohn W i l ey and S o ns , New 
Y ork . 
2 1 . Jung , P .  E . , L . A .  P e t e r son , and L .  E .  S c hra d e r . 
1 97 2 . R e sp ons e o f  i r r i ga t e d  c or n  t o  t im e , rat e , and 
s ou r c e o f  app l i e d  N on sandy S o i l s . A gr o n . J .  64 s 
66 8 - 67 0 . 
2 2 . Let ery . J . , and D .  B .  Pe ters . 1 95 7 · I nf lu e nc e o f  
s o i l  mo i stur e l e v e l s  and s e a s onal weather on e f f i ­
c i e n c y  o f  wat e r  u s e  by c o rn . A gron . J .  4 9 1 3 6 2 - 65 . 
5 2  
2 3 . Mo s s , G .  I . ,  and L . A .  Downe y .  197 1 . Th e inf luenc e o f  
dr ought str e s s  o n  f e ma l e · me gagame t ophy t e d e ve l opment i n  
c orn and sub s e qu ent gra in y i e ld . C r op Sc i e nc e  2 1 3 6 8 -
3 7 2 .  I 
24 . O l s on , T .  C . , and C .  A .  On stad . 1 9?4 . The e ff e c t  o f  
s o i l  water supp ly on c o rn f e r t i l i z e r r e sp o n s e . T r an s . 
o f  ASAE 17 1 914 - 916 .  
2 5 . Ma s on ,  L . , C .  L .  Mondart , Jr . , s .  A .  Ph i l l i p s , 
C .  R� Chane y , P .  Mart in , and J .  B art l e s o n .  1 9?4 . 
Eff e c t s  of  hybr id , p opu la t i on d en s it y and ni t r oge n 
l e ve l on c or n f orage u nd e r  irr igat i on on Granada so i l . 
Lou �. s iana A g .  Exp . Sta . R e s . Bull . 6 7 8 . 1 - 1 6 . 
2 6 . M i l l e r , M .  F . , and F .  L .  Du l e y . 1 9 2 5 . T h e  e f f e c t  o f  
a vary ing mo i stur e supp ly u p o n  t h e  d e ve lopment and 
c omp o s i t i on o f  the ma i z e  p lant at d i ff er e nt p e r i o d s  o f  
gr owth . Mo . Ag . Exp . 3ta . B u l l . 7 6 . 1 - 2 7 . 
27 . R ehm ,  G .  W . , and R .  A .  W ie s e . 1 97 5 · Eff e c t  of method 
of nitrogen app li c at i on on c orn ( Z ea May s L . ) grow n on 
irr i gat e d sandy soi ls . S o i l  S c i . S o c . Am . Pro c . J 9 s  
12 1 7 - 1 2 2 0 . 
28 . R ob i ns . J ,  S . , and C .  E .  Domingo . 1 95 3 · S o me e ff e c t s  
o f  s evere s o i l  mo i stur e d e f ic i t s  at sp e c i f i c gr owth 
stage s in c orn . Agr on . J .  45 1 618 - 6 2 1 . 
Ru s s e l ,  M .  B . , and R .  E .  Dani e l s on . 
d e p th pa tt e rns o f  wat e r  u se by c o rn . 
48 1 163 - 165 . 
1956 . T ime and 
A gr on . J our . 
3 0 . S o me rhalde r ,  B .  R .  1 962 . D e s i gn c r i t e r i a  f o r  i rr i gat ­
ing c orn . A g .  Eng . 4 J s J J 6 - J J 9 , J4 8 .  
J l . S t e e l e , R .  D � , and J .  H .  T orr i e . 1 960 . Pr inc iple s and 
Pro c e dur e s  of S tat i s t i c s . Mc Graw -H i l l  B o ok C ompany , 
I nc . N ew Y or k  
J 2 . S t eve ns on ,  C .  K . , and C .  S .  B a l dw i n . 1 9 6 9 . Eff e c t o f  
t ime and me th o d of n i tr o gen app l i c a t i o� and s o urc e o f  
ni tr o ge n on the y i e ld and nitr o ge n  c ont e nt o f  c orn 
( Z e a May s L . ) .  Agron . J .  6 l s J 8 1 - J 84 . 
J J , S t ewart , J .  I . , R .  D .  Mi sra , W .  O .  Pru i tt , and R .  M .  
Hagan . 1 97 5 · I rr i gat i ng c orn and gra i n  s orghum w ith 
a d e f i c i e nt w a t e r  supp ly . T rans . A SAE 18 ( 2 ) s 2 7 0 - 28 0 . 
5 3 
34 , V i nc e nt , G .  B . , and D . G .  Woolle y .  1972 . Eff e c t of  
mo i sture stre s s  at d i f f ere nt stage s of gr owth . I I . 
C yt op lasmic mal e - st er i le c orn . A gron .  J . 64 1 5 99-60 2 .  
I 
35 . · Z anzalar i , D . , and R .  H .  Shaw . 1 974 . Ef f e c t  o f  d i f ­
f e r e nt spr ing so i l-mo i sture leve l s  on mo i stur e stre s s . 
I owa State J .  R e s .  4 9 s 2 J - 2 8 . 
54 
App end ix Tab l e  A .  The amount and d i stribut ion o f  ra i nf a l l  
at the Pau l B o nh o r s t  farm f or the 1 978  cropping s ea s o n  











1 0  
1 1  
1 2  
1 3  
14 
1 5  
1 6  
1 7 
18 
1 9  
2 0  
2 1  
2 2  
2 3  
24 
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
Apri l 
6 
1 7  
1 8  
2 7  
2 5  
6 
1 0  
Total  1 0 9  
1 5 
5 
1 3  








2 2  
4 
3 
1 3  
4 
2 0  
18  




1 6  
1 8  
2 0  
6 8  
S ept e mb e r  
0 
1 8 5  m i l limeter s from plant i ng t o  harve st 
.55 
App e nd ix Tab l e  B .  S o i l  wat e r  c ont ent (%  by v o l ume ) for 
the s o i l  wat er tre atment u s e d  i n  exp e r i ment o f  1 97 8 . 
Wat er, T r e atment W7 2 
D epth ( c m )  
Date J O  60 90  1 2 0  � 180  
5 - 23 2 9 . 3  2 9 . 0 3 1 . 8  2 5 . 0  1 6 . 5  2 6 . 0  
5 - 31 2 9 . 3 3 0 � ? 3 1 . 8  2 6 . 1 1 6 . 9 2 5 . 9 
6 - 2 1  24 . o  3 2 . 0  2 6 . 8  3 5 . 4  2 6 . 3  3 1 . 1  
7 - 1 1  27 . 4  3 2 . 2  3 3 . 4 2 7 . 1 2 0 . 3  2 5 . 6 
7 - 1 9  2 5 . 1  3 0 . 8  3 3 . 2  2 6 . 7 2 0 . 3 26 . 4  
? - 3 1  2 3 . 4  2 9 . 9  3 2 . 3 2 6 . 5 2 0 . 5  2 5 . 6  
8 - 3  3 2 . 3  3 2 . 1 3 3 . 3  
8 - 14 2 2 . 8  2 7 . 5  3 1 . 4  
8 - 22 24 . 1  2 8 . 5  2 9 . 5  24 . o  2 2 . 3 3 0 . 3  
8- 3 1  2 8 . 1  3 0 . 7  3 3 . 2  
10 - 5  22 . 1  2 7 . 6  2 7 . 4  2 1 . 9 2 3 . 2  
56 
App end i x  T ab l e  B .  C o nt i nu e d . 
Wat er T r e at?r e nt W4 2 
D e p th ( cm )  
Dat e 3 0  6 0  9 0  1 2 0  lli 1 8 0  
5 - 2 3 2 7 . 6  2 9 . 7  2 7 . 5  16 . 7 
5-31 3 0 . 7  34 . 8  3 2 . 2 
6- 21 2 3 . 1  1 9 ; 6  3 2 . 8  2 5 . 2 1 3 . 7  1 1 . 8  
7 - 1 1  24 . 7  3 1 . 2  3 2 . 3  2 1 . 9 14 . 5 
7 - 1 9 25 . 0  3 0 . 9  3 1 . 1 2 0 . 2  14 . o  
7 - 3 1  2 3 . 6  3 0 . 7  3 0 . 5  20 . 3  14 . o  
8 - 3 3 1 . 4  3 0 . 8  2 9 . 0 
8 - 14 i 7 . 7  2 2 . 8  2 7 . 2  
8 - 2 2  2 2 . 7  2 8 . 2  2 7 . 3  1 9 . 4 1 ) . 1  
_10 - 5  2 1 . 0  2 7 . 0  2 3 . 1  i5 . 2  i 5 . 9 
5 7 
A pp end i x  T ab l e  B .  C on t inu e d . 
Wat e r  T r e atme n t  W 2 �·  
Depth ( c m)  
Dat e  3 0  6 0  90 1 2 0  1 5 0  1 8 0  
5 - 23 3 1 . 1  30 . 9  J 2 . 2  1 5 . 1  l J . 9 l J . 8 
5 - 3 1 2 9 . 5 J l . 8 2 3 . 1 1) . 2  1 3 . 0  
6 - 2 1  2 0 . 5 2 8 ; 0  3 1 . 6  1 1 . 7  
7 -1 1  1 8 . 5 2 8 . 2  3 1 . 6 18 . 9  1 4 . 7 
7 - 19 2 5 . 3  30 . 2  3 0 . 7 2 0 . 1  14 . 9 
7 -3 1  24 . 4 3 1 . 2  2 9 . 9  1 6 . 3  12 . 3  
8 - 3  3 0 . 0  2 8 . 0  3 0 . 7  
8 - 14 24 .• 9 2 7 . 0  3 1 . 9  
8 - 22 20 . 4  2 6 . 2  2 7 . 3  1 9 . 2 1 0 . 6  
8 - 3 1  20 . 3  24 . 3  2 8 . 4  
1 0 - 5  1 7 . 9 25 . 3 2 3 . 2  l t  . .5 1 2 . 4  
5 8 
App c n1 ix T ab l e B .  C ont i nu e d . 
Via t P Y"  'r � i:  3. -:-rr:e n t  W 2 2  
Depth ( c m)  
Date 12- 60 90 1 20 1.5.Q.. 1 8 0  
5 - 2 3 2 9 . 3  30 . 3  3 1 . 3 1 7 . 1  1 1 . 6  1 1 . 2  
5- 3 1  3 0 . 1  3 1 . 3 3 1 . 8  1 9 . 0  1 2 . 1  
6 - 2 1  2 2 . 5  2 9 . 5  3 2 . 8  2 1 . 3  1 2 . 8  1 2 . 5 
7 - 11 20 . 1  2 6 . 9 2 7 . 8  19 . 6 1 3 . 8  
7 - 1 9  2 2 . 3 24 . 8  � ? . O 1 9 . 4  1 3 . 8  
7 - 3 1  1 7 · 5 24 . 5 25 . 9  1 9 . 6  1 3 . 6  
8 - 3  26 . 9  24 . 5  2 7 . 3  
8 - 14 14 .• 0 18 . 6  2 2 . 7  
8 - 2 2  14 . 9 2 1 . 1 20 . 3  1 7 . 1  1 2 . 8  
8 - 3 1  1 3 . 2 1 5 · 7  1 9 . 9  
10 - 5  14 . 3  1 9 · 3 20 . 1  i5 . 9  1 2 . 2  
5 9  
App end ix T ab l e  B .  C ont inu e d . 
Wat e r  T r e atment Wl.4 
Depth ( cm )  
Dat e 30  60  90 1 2 0  1 5 0  18 0 
5 - 23 30 . 1  3 1 . 6  3 3 . 3  2 0 . 4  1 7 . 4  1 1 . 7  
5- 31  28 . 8  3 1 . 2 3 2 . 7  2 1 . 1 14 . 6  14 . 6  
6 - 2 1  24 . 6  3 0 . 4  3 3 . 8  2 6 . 8  14 . 2  1 8 . 7 
? - 1 1 18 . 4 2 5 . 3  3 1 . 4  . 2 5 . 4  2 0 . 0  1 3 . 7  
7 - 1 9 2 7 . 7  28 . ? 10 . 0  2 7 . 8  2 0 . 4 1 3 . 2  
? - 3 1 2 1 . 8  2 8 . 4  3 0 . 8  2 7 . 4  2 1 . 0  1 3 . 4  
8 - 3 2 3 . 2  2 7 . 5  3 0 . 7  
8 - 14 15 . 6  1 9 · 9  2 5. 2 
8 - 22 15 · 7 2 3 . 5 2 6 . 3 2 1 .  2 1 7 . 9  28 . 8  
8 -3 1  14 . o  1 9 . 2 2 2 . 4  
10 - 5 17 - 7 2 3 . 0  2 3 . 2  1 8 . 9 2 1 . 2  
60 
App e n d i x  T ab l e B ,  {j ont inu e d . 
Water T r P. a tment W O  
D en th ( cm )  
Dat e 30 60  90  1 2 0  150 180  
--
5 - 2 3  30 . 5 34 . o  34 . 1  2 0 . 4  18 . 7  2 7 . 4  
5 - 3 1  3 2 . 2  3 3 . 7  34 . 8  2 0 . 0  l? . 7  
6 - 2 1  2 3 . 8  3 0 . 8  3 6 . 5  3 0 . 8  
7 - 1 1  1 8 . 2  2 7 . 0  3 1 . 8 2 2 . 3  3 0 . 2  
7 - 1 9  16 . 9 2 6 . 2  2 9 . 8  2 1 . 5 2 9 . 2 
7 - 3 1  1 7 . 1  24 . 8  2 7 . 6  1 9 . 9 28 . 5  
8 - 3  1 ) . 8  i5 . o  2 0 . 7  
8 - 14 1 2 . 7  15 . 7  2 0 . 7  
8 - 2 2  16 . 5 2 2 . 1  2 0 . 5 1 8 . 6  
8 -3 1  14 . 1  1 5 . 1  20 . 6  
1 0 - 5 i7 . 2  2 3 . 0 21 . 4  1 9 . 1 
6 1  
App end i x  Tab le C .  N i trat e t o t a l s t o  90  c m  s o i l  d e oth f or 
s ix water treatme nt s  averaged o v e r  f our replicat e s: 
N i tr oge n T r e atment 
( kg/ha ) 
Water 
T r e atme nt Date 0 ill 275 404 
W 7 2  Ju ly 26 2 7 . 9 10? . 4 2 67 . 5 28 6 . 8 
O c t . 5 24 . 2  3 1 . 5  2 51 . 1 2 8 9 . 9  
W42 July 26 24 . 2  91 . 1  2 7 2 . 9 3 6 6 . 5 
Oc t .  5 24 . 2  7 6 . 8  1 75 · 3 440 . 3  
W24 Ju ly 2 6  24 . 2  134 . 4  2 2 8 . 9 3 8 8 . 4  
O c t . 5 24 . 2  1 20 . 6  2 0 6 . 7 5 1 1 . 3 
W22 J u ly 26 2 7 . 7 8 5 . 6  3 0 0 . 0 2 8 5 . 0 
O c t .  5 24 . 2  99 . 8 220 . 5 1 3 2 . 1 
W l4 July 26 2 9 . 9 11 0 . 5  2 2 2 . 9  3 2 0 . 0 
O c t .  5 2 8 . 2  5 9 . 7 2 24 . 8 6 93 . 7 
WO July 2 6  27 . 2  8 3 . 9  15 8 . 1  3 17 . 9  
Oc t .  5 34 . 8  14 9 . 3 2 97 . 8  8 64 . 1 
6 2  
Append ix T ab l e  D .  S o i l  n i t r a t e  av erage s for th e W O  p l o t s  
that d i d  no t r e c e i ve N tak e n  a f t e r har v e s t  i n  1 9 7 8 . 
D(pt� S o i l  NOJ-N 
- ( kg/h ) 
o - JO 7 . 8  
3 0 - 60 2 2 . 3  
60 - 90 54 . 5 
90 - 1 2 0  4 9 . 3 
1 2 0 - 15 0  24 . o  
15 0 - 1 8 0  24 . 8  
Append ix T ab le E .  Summary of s o i l  NO - N d e t e rmined fr om 
tw o we ek  i nc ubat i on per iod  on s o i l frdm exper ime nt a l  c orn 
stu dy . 
S o i l  Depth 
( c m) 
0 - JO 
3 0 - 60 
60 - 90 
90 - 120 
So i l  D epth 
(cm) 
o - 3 0  
J O - 60 
60- 90 
90 - 12 0  
B e f ore I ncubat i on Per i od 
After I nc ubat i on P e r i o d  
So i l  N 0 '3 -N ( kg/ha 1
-
8 .  1 
8 . 1  
8 . 1  
8 . 1  
S o i l  N 0 '3 -N (kg/ha1-
8 . 1  
8 . 1  
20 . 2 
28 . 2  
6 3  
64 
App end i x  
i n  1 97 8 . 
T ab le F .  Harvest data for experimental c orn study 
Wat er N i tr o ge n  Y i e l d!./ Popu lat i onl/ Moi st1/ 
Treatment Tr e a t me nt Mean Me an Me an 
( kg/ha ) ( p lant s/ha )  (% ) 
W72 A 1214 7 64 98 3  1 9 . 4 
W72 B 1 2 67 5 6 7 5 2 1  2 0 . 9 
W72 c 12J04 6 7 97 0  2 0 . 4  
W72 · o 1 2 5 6 8  7 3 94 6  1 7 . 3 
W42 A 9 7 6 8  6 0 8 0 0  1 2 . 4 
W42 B 9454 6 1 94 3  10 . 4  
W42 c 97 24 6 0 2 0 2  1 1 . 5  
W42 D J. 0 0 6 9  6214 3  1 1 . 6 
W24 A 1 0 1 5 1  6 3 6 3 7  1 1 . 7  
W24 B 9950 56916 9 . 6 
W24 c 10 0 94 60 948 10 . 4  
W24 D 9944 5 9904 10 . 1  
W22 A 7 2 9 5  6 1545 9 . 2 
W22 B 6943 58 1 11 9 . 2 
W 2 2  c 7 7 0 9  5 9 0 0 7  8 . 7 
W22 D 7 10 6 5 7 6 6 2  8 . 8  
W l4 A 8 0 54 5 9 15 6  9 . 2 
Wl4 B 8286 5 9 904 9 . 9 
W l4 c 7 3 2 0  5 7 7 60 9 . 7 
W l4 D 7 935 5 9 7 5 3 9 . 3 
W O  A 4) 2 1  5 64 67 12 . 6  
WO B ) 8 2 9  5 2 8 84 12 . 4  
W O  c 3 98 6  .5 3 1 8 0  1 2 . 6  
WO D 4212 .5 5 2 7 2  1 2 . 4  
l/ Averaged over f our wat er replicate s .  
App end ix T ab l e  G .  Summary o f  ana ly s i s o f  var i anc e f o r  c orn me a surement s i n  1 97 8 . 
D epend e n t  Variable -Y i e ld 
S i gn i f i c anc e 
R
2 
Sourc e DF SS MS F o f  F 
Mod e l  5 0 1 7 50 6 6 . 67 3 5 0 1 . 3 3  3 0 . 97 0 . 0 0 0 1 . 97 
Err o r  45 5 0 8 7 . 40 1 1 3 . 05 
C o rr e c t e d  T ot a l  95 1 8 0 1 54 . 0 8 
Wa t e r ( W )  5 1 6 5 78 8 . 70 2 93 . 2 9 0 . 0 0 0 1  
N i troge n  ( N )  3 6 3 . 5 1  0 . 1 9 0 . 9 0 4 5  
R ep l i c a t e s  ( R ) 3 3 1 96 . 96 9 • L�J 0 . 0 0 0 1  
WxN 15 1304 . 5 1 0 . 77  0 . 7 0 2 6 
WxR 15 34 63 . 8 7  2 .  ol.i. 0 . 0 3 3 0  
N xR 9 124 9 . 11.i- l .  23 0 . 3 0 2 6  
� 
V\ 
